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of hypogonadism in young men, such as sexual dysfunction, muscle 
weakness, obesity, osteoporosis, hot flushes, insomnia, fatigue, poor 
concentration and depression. The combination of low T and an array of 
the above symptoms has been termed with many names, including male 
menopause or climacterium, partial androgen deficiency of the aging 
male  (PADAM), andropause and late‑onset hypogonadism  (LOH). 
The last term describes best the nature of the syndrome. According 
to a recently formulated definition ‘LOH is a clinical and biochemical 
syndrome associated with advancing age and characterized by 
symptoms and a deficiency in serum T levels (below the young healthy 
adult male reference range)’.7

Most of the studies on LOH have been carried out in Europe, USA 
and Australia, but there are also studies on the diagnosis, prevalence 
and treatment of LOH form numerous Asian countries (see e.g.8–11). 
Direct comparisons between the studies from different geographic 
regions are difficult to make because of heterogeneity of experimental 
approaches, but it is quite likely that the basic features of LOH are very 
similar in various geographic and cultural environments.

INTRODUCTION
It is well‑documented that testicular testosterone  (T) production 
decreases in men with ageing, by 1%–2% per year after the age of 40 
years. However, on average serum levels of T still remain within the 
normal range of young men.1–4 The age‑dependent reference range for T 
has not been defined and the criteria on cutoff levels for hypogonadism 
remain somewhat controversial. When only hormonal criteria are 
used  (i.e.,  T below the lower limit of the reference range of young 
men (about 10 nmol l−1), the prevalence of ‘biochemical hypogonadism’ 
is high: 23.3% in 40‑ to 79‑year‑old men of the European Male Ageing 
Study  (EMAS).5 In another study, the incidence of hypogonadal T 
levels increased to about 20% of men over 60, 30% over 70 and 50% 
over 80  years of age, and the prevalence of low free T in each age group 
was even higher,3 due to the ageing‑related increase of sex hormone 
binding globulin (SHBG) levels. This does not necessarily mean clinical 
hypogonadism, because most men with low T remain asymptomatic.6 
However, some ageing men do develop (usually mild) symptomatic 
T deficiency, which is associated with diffuse symptoms reminiscent 
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Although suppressed serum testosterone (T) is common in ageing men, only a small proportion of them develop the genuine 
syndrome of low T associated with diffuse sexual (e.g., erectile dysfunction), physical (e.g. loss of vigor and frailty) and 
psychological (e.g., depression) symptoms. This syndrome carries many names, including male menopause or climacterium, 
andropause and partial androgen deficiency of the ageing male (PADAM). Late‑onset hypogonadism (LOH) describes it best and is 
therefore generally preferred. The decrease of T in LOH is often marginal, and hypogonadism can be either due to primary testicular 
failure (low T, high luteinizing hormone (LH)) or secondary to a hypothalamic‑pituitary failure (low T, low or inappropriately normal LH). 
The latter form is more common and it is usually associated with overweight/obesity or chronic diseases (e.g., type 2 diabetes mellitus, 
the metabolic syndrome, cardiovascular and chronic obstructive pulmonary disease, and frailty). A problem with the diagnosis of 
LOH is that often the symptoms (in 20%–40% of unselected men) and low circulating T (in 20% of men >70  years of age) do not 
coincide in the same individual. The European Male Ageing Study (EMAS) has recently defined the strict diagnostic criteria for 
LOH to include the simultaneous presence of reproducibly low serum T (total T <11 nmol l−1 and free T <220  pmol l−1) and three 
sexual symptoms (erectile dysfunction, and reduced frequency of sexual thoughts and morning erections). By these criteria, only 
2% of 40‑ to 80‑year‑old men have LOH. In particular obesity, but also impaired general health, are more common causes of low 
T than chronological age per se. Evidence‑based information whether, and how, LOH should be treated is sparse. The most logical 
approach is lifestyle modification, weight reduction and good treatment of comorbid diseases. T replacement is widely used for 
the treatment, but evidence‑based information about its real benefits and short‑ and long‑term risks, is not yet available. In this 
review, we will summarize the current concepts and controversies in the pathogenesis, diagnosis and treatment of LOH.
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Because the symptoms of LOH are similar to those of hypogonadism 
in young men, T replacement therapy has become a popular option for 
its therapy. Marketing of T treatments has been aggressive and effective, 
especially in the United States, where the sales volume of T preparations 
keeps rising, doubling between 2005 and 2010 (http://sorebuttcheeks.
blogspot.co.uk/2010/12/growth‑hormone‑and‑testosterone‑sales.
html), and following a similar trend in other parts of the world.12 A 
worrying aspect of this trend is that it has occurred almost without 
any solid scientific evidence of the benefits and risks of the treatment. 
The diagnostics and evaluation of the effects of T therapy in LOH have 
largely been based on poorly controlled and underpowered treatment 
trials, on subjective opinions and experience of physicians and on 
data that might have been placebo effects.13 The information targeting 
the health professionals and general public is biased in favor of T 
treatment, filled with statements from opinion leaders with ties to the 
pharmaceutical industry or to commercial medical practices (e.g.14,15 
and numerous web sites).

The uncertainty surrounding LOH means that there are now 
numerous recommendations for its diagnosis and treatment, which 
have been formulated by panels of experts.7,16,17 Unfortunately, they 
too are, to some extent, based on insufficient scientific evidence and 
‘educated guesses’. An increase in reliable information about LOH 
has clarified the diagnostic criteria of LOH. However, the indications 
and contraindications for T treatment of LOH, including short‑ and 
long‑term benefits and risks, still await evidence‑based information. 
This review concerns the current facts and controversies in the 
pathogenesis, diagnosis and treatment of LOH.

PATHOGENESIS OF LOH, AGEING AND HYPOTHALAMIC‑
PITUITARY‑ TESTICULAR FUNCTION
Testicular function declines somewhat with advancing age,18 but the 
purely age‑dependent change is usually small and probably of the 
same magnitude as that of other organs of the body.19 This is in clear 
contrast to the ovary, which undergoes a rapid functional involution 
at menopause. It is therefore counterintuitive to draw any parallels 
between the ageing‑related changes in testicular and ovarian function. 
Spermatogenesis remains upon ageing sufficient to maintain a man’s 
fertility throughout his entire postpubertal life. Testicular volume 
reflects closely the quantity of sperm production, and it decreases by 
about 15% between the ages of 25 and 80–90  years.20 At the same time, 
the production of seminal fluid decreases, sperm become less motile 
and their structure deteriorates, although the sperm concentration in 
semen remains quite constant.21 The time of unprotected intercourse 
needed to achieve fertilization, after correction for the woman’s 
age, becomes longer with increasing age of the male partner.22 The 
morphological changes in the testis upon ageing include degeneration 
of the germinal epithelium and increased proportion of connective 
tissue. Moreover, the total number of Sertoli and Leydig cells decreases 
to around half of that of the young testis.23,24 The concomitant increase 
in pituitary gonadotrophin secretion indicates the primary testicular 
nature of these alterations, and this compensatory response is able to 
minimize the decline of testicular function in most ageing men.

The concentration of serum T reaches its maximum around 25–30 
years of age and starts a slow steady decline thereafter at a rate of about 
1% per year (Figure 1). A recent longitudinal study showed that serum 
total T decreases between 55 and 68 years of age by 1.4% per year, 
free T by 2.7%, while SHBG increased at the same time by 2.7%.25 It 
is noteworthy that the aging‑related decline of T shows great inter 
individual variability, with about 20% on men over 60  years having 
serum T in the upper normal range of young men, and about 20% being 

below the reference range, and even a larger proportion of men have 
their bioavailable T in the subnormal range.2,26 About half of circulating 
T is bound to SHBG, and another half to albumin, and only 0.5%–3% 
of T remains in free, non‑protein‑bound form, representing the 
biologically active fraction.27 The concentration of SHBG increases with 
ageing, which means that the proportion and absolute concentration 
of free T decrease (Figure 1). Hence the latter decreases more than 
total T, by about 2%–3% per year although the average free T level still 
remains within the normal range in most men (Figure 1). The decline 
of T purely due to biological ageing is primary, i.e., caused by testicular 
failure, and it is therefore accompanied by a reciprocal increase in 
luteinizing hormone (LH) secretion.

Another complexity to the age‑related changes in T levels is brought 
about by the associated weight gain and deterioration of general 
health owing to chronic diseases‑such as diabetes, hypertension, 
cardiac, hepatic or renal failure, chronic obstructive lung disease and 
inflammatory arthritis. Moreover, the medications associated with 
these disorders, such as opiates and glucocorticoids, are partially 
responsible for the decreased T through actions on LH secretory 
dynamics. T  production can be considered a good indicator of a 
man’s general health, which decreases in response to a variety of 
stressors. High body mass index (BMI) can be regarded to provide a 
read‑out for metabolic stress, and its suppressive effect on T levels is 
much greater than that of chronological age (Figure 1). Serum T in 
a man with BMI >30 kg m−2 is, on average, 30% lower than that of a 
man with BMI <25 kg m−2, at any age, which is more that the purely 
age‑dependent decrease between 40 and 80 years. The mechanism 
of this effect is unknown, but it is apparently linked to the increased 
negative feedback inhibition of gonadotropin secretion by adipose 
tissue‑derived estrogens, leptin and cytikones/adipokines.28–30 A 
similar, though milder, suppression of T secretion is observed in men 
with chronic illnesses. Curiously, the decrease in T secretion associated 
with obesity and chronic illness is not associated with compensatory 
increase in gonadotropin levels, thus indicating a secondary central 
mechanism for the disturbance  (Figure 1). Obesity as the cause of 
low T in ageing men is more common that chronological age; in the 
EMAS study, 73% of men fulfilling the criteria of LOH (see below) 
were obese or overweight.6

DIAGNOSIS OF LATE‑ONSET HYPOGONADISM

How should T be measured in the diagnostics of late‑onset hypogonadism
Immunoassays  (IAs) have been the mainstay for measuring sex 
steroids since their inception in the late 1960s. They provide usually 
rapid, economical and reliable information about circulating hormone 
concentrations. However, the accuracy and precision of T IAs, 
especially at the low concentrations detected in children, women and 
hypogonadal men, remain a concern.31–34 While most IAs measure 
high  (adult male) T concentrations sufficiently well, they often 
overestimate low  (e.g.,  female) concentrations,35 thus reducing the 
specificity and sensitivity of diagnosis of female hyperadrogenism and 
male hypogonadism.

Whether IAs for T can reliably discriminate between eugonadal and 
hypogonadal men remains a contentious topic.31,35,36 Therefore, there 
is a strong emphasis for the need of improved standardized methods, 
as well as traceability of the standards, to overcome the problems of, 
in fact, all steroid measurements.16,33–38 Already during the era of the 
IA dominance, mass spectrometry  (MS) was regarded as the ‘gold 
standard’ of steroid analysis. However, its technical complexity, cost and 
suboptimal sensitivity precluded it as a routine method in the clinical 
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chemistry laboratory until very recently. The technical improvements 
in instrumentation and the wider availability due to falling cost of 
equipment have made MS now a competitive method with IA, having 
reached sufficient sensitivity yet maintaining its superior specificity.

Now opinions are being widely expressed to promote MS as the 
only acceptable method for clinical steroid hormone measurements.36,38,39 
However, MS still remains more expensive and labor intensive (requiring 
solvent extraction), shows similar lack of between‑laboratory 
standardization as IA,40,41 and it will take a long time before it becomes 
accessible to all practitioners. While it is clear that T measurements 
by IA are unreliable in children and women, it is uncertain whether 
MS or IA should be the method of choice for T quantitation in male 
hypogonadism.

Although MS is in general more specific with lower intra‑  and 
interassay variability than IA, it faces similar inter‑laboratory variability 
issues as IA.40,41 Even MS represents a heterogeneous group of methods 
with significantly differing performance, which makes referring MS as 
the ‘gold standard’ an overstatement. To what extent MS improves the 
clinical relevance of steroid measurements requires additional data and 
experience. A very recent study comparing total T assays in women 
concluded that the results obtained by IA and MS were comparable, 
and there is significant variability and poor precision also between 
various MS methods at low levels.41 Hence, switching from IA to 
MS is not a guaranteed solution to improve the quality of sex steroid 

measurements at low concentrations. Improvements in performance 
and standardization in platform IAs are feasible alternatives that are 
already being implemented by some manufacturers. It is a major 
investment to abandon IA technology in favor of MS, and the reasons for 
this must be tangible and supported by evidence rather than conjecture.

The EMAS study research consortium42 recently measured T 
concentrations in the serum samples of a large cohort (n = 3174) of 
40‑ to 79‑year‑old men using both an established IA and MS method.43 
This provided a unique opportunity to compare the results with these 
two methods and to assess their applicability for clinical diagnostics 
and research. The conclusion from this comparison was that a validated 
platform IA is sufficient to detect subnormal T concentrations in the 
diagnosis of male hypogonadism (Figure 2). IA can be as good as MS 
in the clinically important discrimination between eugonadal and 
hypogonadal men, especially when combined with clinical signs of 
androgen deficiency. It seems prudent to conclude that the selection 
of an assay should be driven by the measurement performance in light 
of the clinical need and not by assay technology. Our findings do not 
support a mandatory requirement, on either analytical or clinical 
grounds, to switch from good‑quality IAs to MS in the measurements 
of T in male subjects.

How to define low T in ageing men
The diagnosis of low T must be based on at least two measurements from 
morning blood samples taken in standardized conditions, i.e., before 

Figure 1: Relationship between age, BMI and reproductive hormones of 3220 men aged 40–79 years, from the EMAS study. The cohort was stratified according 
to BMI into nonobese (BMI < 25 kg m−2), overweight (BMI 25–30  kg m−2) and obese (BMI > 30 kg m−2) men. The panels present mean (95% CI in shaded 
area and vertical lines) levels of (a) total and (b) free testosterone, (c) LH and (d) SHBG. Compared with nonobese men, total and free testosterone was 
significantly lower in the overweight and obese men at all ages. Total testosterone and SHBG age trends in the three BMI categories were similar (indicating 
no interaction between BMI and age). The free testosterone age trend in the obese group was less steep than in the other two groups (indicating an interaction 
between BMI and age). Mean LH was not significantly different among the three groups at the median age of 60 years. LH was higher in the older than 
70  year nonobese men, compared with the overweight and obese groups, due to a negative BMI/age interaction. Male reference ranges for the measurements 
are: testosterone 10–35 nmol l−1; free testosterone 250–700 pmol l−1; LH 1.5–8.0  IU l−1; SHBG 13–62 nmol l−1. BMI: Body mass index; EMAS: European 
Male Ageing Study; LH: luteinizing hormone; SHBG: sex hormone binding globulin. This figure is reproduced from Wu et al.1 with permission.

dc

ba



Asian Journal of Andrology 

Late‑onset hypogonadism 
I Huhtaniemi

195

10:00 hours. Proper age‑dependent reference ranges for T do not exist. 
There are several consensus statements, based on existing information 
and expert opinions on limits of normal and hypogonadal T levels of 
ageing men. The International Society of Andrology and several other 
scientific societies recommend a cutoff‑point of 12  nmol l−1, above 
which men do not need T supplementation and 8 nmol l−1 below which 
supplementation might be beneficial.7 The guidelines of The Endocrine 
Society set the cutoff level between normal and subnormal T to 9.8–10.4  
nmol l−1.16 Bhasin et al.44 recently proposed the 2.5th percentile of T in 
healthy men < 40‑year‑old, 12.1 nmol l−1, as the limit. Sikaris et al.36 using 
a panel of young sexually and reproductively healthy men, proposed a 
threshold of 10.4  nmol l−1. A recent study examining a population‑based 
cohort of 70‑ to 89‑year‑old men with perfect health came up with a 
threshold of 6.4  nmol l−1.45 Different symptoms appear at different T 
thresholds,6 and therefore it may be impossible to define a strict limit 
between normal and low T. Furthermore, population‑based cutoff points 
do not apply to individuals. As a rough guideline, the border between 
normal and low T runs somewhere around 10  nmol l−1, but it is naturally 
dependent on laboratory‑specific reference ranges.

Another problem in defining low T is caused by the individual 
variation of normal T levels. The mean ± 2 standard deviation ( SD) 
reference range is usually about 10–30  nmol l−1. This means by definition 
that 2.5% of normal men have their T levels below the lower limit of normal. 
Another so far hypothetical, but probably real ‘misdiagnosed’ group of men 
are those, whose T decreases within the reference range (Figure 2). Let 
us assume, for the sake of argument that a decrease of T of > 50% leads to 
clinically significant hypoandrogenism. This means that only men whose 
T is within the lower half of the reference range (10–20 nmol l−1) can 
become ‘biochemically hypogonadal’ with a 50% decrease in T. In contrast, 
men with their T between 20 and 30  nmol l−1 still remain ‘biochemically 
eugonadal’ after a 50% suppression of T, and their apparent hypogonadism 
remains undiagnosed. The diagnosis of LOH should thus not be based 
solely on T measurements. Furthermore, low T levels have to be confirmed 
at least twice, because T levels near the lower limit of the reference range 
are often normal upon repeated measurement.46

One approach is to complement the total T measurement by 
assessment of free or bioavailable  (i.e., non‑SHBG‑bound) T, which 

in some cases may be more accurate in defining hypogonadism. 
Recent guidelines recommend ‘measurement of free or bioavailable 
T levels, using accurate and reliable assay, in some men in whom total 
T concentrations are near the lower limit of the normal range and in 
whom alterations of SHBG are suspected’,16 and ‘particularly in obese 
men’.7 How free T should be determined is at the moment somewhat 
contentious. Equilibrium dialysis is the best method, but it is expensive, 
labor‑intensive and not generally available. Free T measurements based 
on analogue displacement are not reliable and should not be used.47 
Calculated free T, based on measurements of total T, SHBG and albumin48 
correlate well with measurements by equilibrium dialysis. However, the 
commonly used formulae have been recently criticized,49 and it is possible 
that a simple reliable way to determine free T is not yet available. The 
EMAS study6 observed that free T improved the LOH diagnosis especially 
at borderline levels of total T (see below). According to this study, a total 
T <8 nmol l−1 is sufficient for the diagnosis, but if it is in the gray zone 
of 8–11 nmol l−1 then free T <220  pmol l−1 strengthens the diagnosis.

Polymorphisms in genes of steroid metabolic enzymes, SHBG and 
androgen receptor induce variability in androgen action, but their clinical 
significance remain unclear.50,51 Evidence is also mounting about different 
threshold levels causing deficiencies in the various androgen actions,6,52,53 
contributing to the variability in the occurrence of LOH symptoms.

A potentially useful parameter in the diagnosis of LOH is LH, 
which is elevated mainly in non‑obese LOH men as a sign of primary 
age‑dependent hypogonadism.54 The cited study launched a new 
diagnostic entity, compensated hypogonadism, which entails men with 
low normal T (>10.4 nmol l−1) and elevated LH (>9.4  IU l−1). These 
men have mainly physical symptoms such as inability to do vigorous 
exercise, and with time a marked proportion of them seem to progress 
to genuine primary hypogonadism (EMAS, unpublished observation).

Clinical symptoms of late‑onset hypogonadism
It is counterintuitive to base the diagnosis of LOH solely on hormone 
levels, and it has to be supported by clinical symptoms. Conversely, the 
diagnosis cannot be based only on symptoms, but it has to be supported 
by information on suppressed androgen levels. The array of symptoms 
associated with LOH is wide, covering many, and often nonspecific 
findings associated with aging, centering around declining bone mass, 
muscular mass and strength, physical function and frailty, metabolic 
changes including abdominal obesity, the metabolic syndrome and 
type 2 diabetes and sexual function. The key question is what, if any, 
of the wide array of LOH‑related symptoms show correlation with low 
T levels. Various questionnaires have been constructed over the years 
to monitor the symptoms of LOH and their response to T treatment. 
These include the Ageing Male Symptom Score (AMS)55 the Androgen 
Deficiency in Aging Men (ADAM)56 and the Massachusetts Male Aging 
Study Questionnaire.57 However, they are not recommended for the 
diagnosis of LOH because of their poor specificity.7,16,58 There are also 
questionnaires specifically addressing the sexual symptoms of LOH.59,60

Combining T and the symptoms: the strict European male ageing 
study criteria for diagnosis of late‑onset hypogonadism
A report from EMAS sought to determine the objective criteria for 
LOH diagnosis by identifying the symptoms that have a statistically 
significant inverse correlation with serum T, and to confirm the 
cut‑off level of T, below which the frequency of these symptoms 
increases significantly.6 The report investigated >3000 men between 
the ages of 40 and 79 years, from eight European centers. The men 
were asked about 32 symptoms that other studies have (often without 
scientific proof) suggested to be related to LOH, and that are being 
used in the LOH questionnaires mentioned above. In addition the 

Figure 2: Distribution of testosterone (T) concentrations measured 
with established immunoassay (IA) and gas chromatograpyhy-mass 
spectrometry (GC-MS) methods in 3174 serum samples from the European Male 
Ageing Study (EMAS) population. The similar distribution of the concentrations 
measured indicates good agreement between the two methods. The two 
horizontal arrows demonstrate that a 50% decreased level of T from the upper 
part of the reference range (10–30 nmol l−1) still remains normal (white arrow); 
whereas, a 50% decrease from the lower part becomes hypogonadal (grey arrow). 
This figure is modified from Huhtaniemi et al.43 with permission.
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concentrations of total and free T were determined. Only nine out 
of the 32 symptoms demonstrated a significant correlation with 
either total or free T (Table 1). With a more strict statistical analysis, 
i.e.  multiple correspondence analysis, only the correlation between 
sexual symptoms and T remained statistically significant showing a 
syndromic association. The other symptoms in the questionnaire (such 
as climbing stairs, light domestic tasks, nervousness, insomnia and 
weakened concentration) were unrelated or weakly related to low T.

The EMAS data made it possible to define the objective parsimonious 
criteria for LOH diagnosis. Accordingly, the patient must have three 
sexual symptoms  (lessened sexual thoughts, weakened morning 
erections and erectile dysfunction), and either repeated (at least twice) 
serum total T level <8  nmol l−1, or serum total T of 8–11 nmol l−1 and 
free T <220 pmol l−1. This has enabled the creation of an algorithm, 
which could be helpful when assessing patients in whom LOH is 
suspected  (Figure  3). When assessing patients according to such 

Table 1: Definition and prevalence of symptoms and relationship to total and free testosterone in the European Male Ageing Study

Symptom Symptomatic men Asymptomatic men Symptom 
prevalence (%)

P value vs total 
testosterone

P value vs free 
testosterone

Sexual

Full morning erection ≤1 per month ≥2–3 times per month 39.9 0.007 <0.001

Erection sufficient for intercourse Never or sometimes Usually or always 30.03 0.34 <0.001

Occurrence of sexual thoughts ≤2–3 times in the past month Once a week or more 27.5 0.048 <0.001

Physical

Vigorous activity Limited Limited a little or not limited 24.7 0.03 <0.001

Capable of walking>1 km Limited Limited a little or not limited 6.7 0.01 <0.001

Ability to bend and kneel Limited Limited a little or not limited 6.2 0.26 0.001

Psychological

Feeling of sadness or downheartedness All or most of the time Some time, little or none of the time 4.6 0.70 0.004

Loss of energy Yes No change 4.9 0.94 0.01

Fatigue Yes No change 5.5 0.30 <0.001

This Table is reproduced from Wu et al.6 with permission.

Figure 3: Algorithm for the diagnosis and treatment of LOH. If the clinician suspects the patient to have LOH, the diagnosis and choice of treatment can be 
obtained by following the flow chart from top to bottom, and choosing the next alternative on the basis of the findings. This figure is modified with permission 
from unpublished data provided by Prof. F. C. Wu (Manchester University, UK), and data previously published by Huhtaniemi and Forti61 (reproduced with 
permission). BMD: bone mineral density; Calc: calculated; DRE: digital rectal examination; Eq. dial: equilibrium dialysis; FSH: follicle-stimulating hormone; 
Hct: hematocrit; LH: luteinizing hormone; LOH: late-onset hypogonadism; PRL: prolactin; MRI: magnetic resonance imaging; PSA: prostate-specific antigen; 
T: testosterone. The numeric hormone levels presented are only suggestive, and in the diagnosis the clinician has to use local reference ranges for the assays.
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an algorithm, it is important to note the combination of low T with 
high gonadotropins, which suggests the presence of primary and 
age‑dependent testicular failure.54 Obesity‑related hypogonadism is 
not associated with increased gonadotropins (Figure 1). Suggestive to 
LOH is also a combination of the sexual symptoms with low‑normal 
T and elevated LH (compensated hypogonadism).

According to the EMAS data, it is possible to state almost 
categorically that if a man does not have sexual symptoms he does 
not have LOH. However, it is noteworthy that even the sexual 
symptoms have a high background prevalence of 28%–40%, 
irrespective of T levels,6 and that not all men who experience sexual 
dysfunction will report these symptoms to their doctor. The other 
LOH symptoms (Table 1) may support the LOH diagnosis, but are 
not sufficient without the presence of sexual symptoms. Even LOH 
fulfilling the strict EMAS criteria can be caused by something else 
than lack of T, which may explain the relatively modest outcome of T 
replacement therapy (see below). Another confounding factor is the 
reversibility of LOH. One longitudinal study demonstrated that LOH 
remission occurred in ~ 50% of men, either because the subnormal 
serum T level normalized or because the patient’s symptoms subsided.62

When men participating in the EMAS were evaluated using the 
aforementioned criteria, LOH diagnosis was confirmed in only 2.1% of 
the participants aged 40–79  years. The prevalence increased gradually 
from 0.1% in 40‑ to 49‑year‑old men to 5.1% in men aged between 70 
and 79  years. These results suggest that LOH is much less common 
than previously thought. Using more relaxed diagnostic criteria, the 
prevalence of symptomatic LOH has previously been found to be 
5.6%–12% in similar cohorts of ageing men.63,64 EMAS also confirmed 
the association between LOH, obesity and poor general health: LOH 
was diagnosed in 0.4% of men with normal weight, 1.6% of men with 
a BMI of 25–30 kg m−2 and in 5.2% of men with a BMI > 30  kg m−2. 
Overall, LOH was associated with high BMI in 73% of men. All 40‑ to 
49‑year‑old men (0.1% of the age group) diagnosed with LOH were 
clinically overweight. The proportion of ageing‑associated (primary) 
hypogonadism increased gradually to 40% in 70‑ to 79‑year‑old men. 
However, we have to remember that men seeking medical help for 
sexual problems do not represent the general population. A  report 
from Italy detected a 15% prevalence of genuine LOH in men visiting 
andrology clinic.65

TREATMENT OF LATE‑ONSET HYPOGONADISM

Who should be offered testosterone replacement?
T replacement is an effective therapy for the classic forms of male 
hypogonadism such as congenital hypogonadotropic hypogonadism, 
Klinefelter syndrome and anorchia. T treatment of LOH is a much 
more controversial issue because, as previously mentioned, the 
symptoms and signs are often unspecific and mild, the T levels are often 
borderline and low T and high symptom score often do not coincide. 
Furthermore, there is still no general consensus on the threshold of 
circulating T below which replacement therapy is recommended. 
The EMAS definition of LOH6  supports the recommendations of 
several international societies.16,66 However, the panelists for the 
Endocrine Society guideline failed to reach a consensus regarding the 
T threshold for older men, as some of them favored a threshold of 
9.7–10.4 nmol l−1; whereas, others felt that a threshold of 6.9  nmol l−1 
was more appropriate.

After the diagnosis of LOH is made, possible causes for low T 
such as obesity, metabolic syndrome and chronic diseases should be 
investigated, and if present, adequately treated. In overweight or obese 

men, lifestyle counseling to achieve sustained weight loss should be 
the mainstay of management, even if T treatment is likely to induce a 
small increase of the total lean body mass and a small decrease of total 
body fat (see also below). The recent EMAS data show that weight gain 
or loss have clear inverse correlation with circulating T (Figure 4).67 
Hence weight loss increases T levels, and vice versa. Moreover, the risk 
of experiencing adverse effects associated with T treatment was reported 
to increase in obese subjects.68 T replacement should be offered to the 
LOH patient only after sufficient counseling, informing him that the 
long‑term beneficial and adverse effects of this treatment for them 
are not known. We still lack randomized, placebo‑controlled studies 
on T replacement in men aged ≥60 years, and the existing trials have 
low numbers of subjects, and are often of insufficient duration.69 The 
published trials are also heterogeneous as some include asymptomatic 
men, different T thresholds are used for recruitment and the T 
formulations used, as well as dosing regimens, are variable.

Contraindications for T replacement
Absolute contraindications for T treatment include prostate and breast 
cancer.7,16 Relative contraindications are a serum prostate specific 
antigen (PSA) level >4 ng ml−1 (or 3  ng ml−1 in men with increased 
risk for prostate cancer, such as those of African descent or with first 
degree relatives with a history of prostate cancer), a hematocrit >50%, 
severe lower urinary tract symptoms caused by benign prostatic 
hypertrophy  (as defined by an International Prostate Symptom 
Score (IPSS) higher than 19), untreated or poorly controlled congestive 
heart failure and untreated sleep apnea.16

Beneficial effects of T replacement
The presence of sexual symptoms is crucial for the diagnosis of LOH, 
but the data on effect of T on sexual function in men with LOH are 
limited. Its main effect on sexual function is to increase sexual desire.70 
Several findings suggest that normal erections can be achieved in men 
with serum T below the normal range, and that higher levels of T do 
not improve them.71,72 It is therefore not surprising, that mean serum 
T of men with different degrees of erectile dysfunction is generally in 
the normal range,70 and there is no relationship between T level and the 
severity of erectile dysfunction.73 A meta‑analysis of 17 randomized, 
placebo‑controlled trials showed that, in men with baseline 
T <12 nmol l−1, T treatment moderately improved libido, nocturnal 
erections, erectile function scores and overall sexual satisfaction in 
comparison to placebo, but had no effect in eugonadal men. However, 
the evidence for a beneficial effect of T on erectile function was 
tempered by the progressively smaller effect with increasing baseline 
T levels and by the declining effect of the treatment over time.74 These 
findings have been confirmed by another meta‑analysis.75 The earlier 
claims that T strengthens the effect of phosphodiesterase type  5 
inhibitors in erectile dysfunction have not been reproduced in recent 
studies.76

T treatment has important effects on body composition, resulting 
in a significant increase in lean body mass, and a significant decrease in 
fat mass without a change in body weight.16 The effects of T on muscle 
strength in older men are inconsistent. Some studies in healthy older 
men have reported improvements in grip strength, whereas others 
have not, and limited data are available on the beneficial effects of T 
on lower limb muscle strength.77,78 Furthermore, only a few studies 
have reported statistically significant effects on physical function and 
performance.77,79–81 Some cross‑sectional and longitudinal studies have 
shown an inverse relationship between T levels and frailty – a composite 
measure of limitation of mobility and physical performance – in older 
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men.82–84 A randomized, short‑term, placebo‑controlled trial on the 
effects of T treatment in frail older men with low or borderline serum 
T has shown some beneficial77 though short‑lived85 effects. Altogether, 
there is still no convincing proof that these effects at safe doses would 
translate into clinically significant improvement in muscle performance 
and quality of life.86,87

The results of some controlled trials have also shown that T 
treatment in LOH men can have a modest beneficial effect on lumbar 
bone mineral density, which is inversely related to baseline T levels, 
but with no effect on femoral neck bone density.79,88–90 The critical 
information whether T supplementation affects the occurrence of bone 
fractures, either in patients with the classic forms of hypogonadism or 
in men with LOH, is still missing.

Epidemiological studies have shown that low T predicts and is 
associated with type 2 diabetes mellitus and metabolic syndrome. Effects 
of T treatment in these conditions have been evaluated in a few controlled 
trials, and two meta‑analyses91,92 have reported some beneficial effects 
of T treatment on glycemic control and visceral obesity. However, the 
short duration of the trials and the limited number of enrolled subjects 
mean that firm conclusions cannot be drawn from these studies, and T 
treatment is not yet be recommended for these conditions.93

Concerning coronary artery disease  (CAD), T is still generally 
considered atherogenic because of its adverse effects on the lipid 
profile. Androgenic‑anabolic steroids are also associated with the 
coagulation cascade, hemostasis as well as damaged endothelial 
and myocardial function.94 Conversely, also opinions are expressed 
that the normal physiological levels of T are beneficial for the male 
heart and low T is associated with adverse risk of coronary disease, 
and that T replacement therapy has positive effect on cardiovascular 

risk factors.95 In accordance, T has been reported to function as a 
coronary vasodilator.96 In men with stable CAD, transdermal T in 
addition to normal CAD medication seems to improve the angina 
threshold in treadmill exercise.97 The higher prevalence of CAD 
in men suggests involvement of androgens, prompting caution in 
prescribing T replacement therapy for ageing men, especially if they 
have symptomatic CAD. However, numerous studies, albeit relatively 
small in size, on the association of androgens and CAD have found 
no adverse effect of T. Neither have significant beneficial effects of 
androgen treatment been reported in primary or secondary prevention. 
The key question is the causality; i.e., does low T promote CAD or does 
CAD decrease T levels? The answer to this question is crucial for the 
feasibility of T replacement in the prevention and therapy of CAD. It 
is probably bidirectional, therapeutic reduction of T in prostate cancer 
patients increased in an observational study on the CAD risk,98 but 
also numerous comorbidities in ageing men reduce T levels.1 Finally, 
a recent meta‑analysis on circulating T and CAD concluded that an 
association was only found in men >70 years of age, and that finally 
low T in this group may be a sign of poor overall health.99

Approximately 25% of men with congestive heart failure have 
subnormal T levels, and low levels of T correlated with the progression 
of heart failure,100 but the causality of these findings remains debatable. 
T replacement therapy decreases the symptoms of heart failure and 
improves the exercise capacity.101 In a recent study, T therapy combined 
with the conventional treatment of heart failure improved muscle 
strength, exercise capacity, insulin sensitivity and baroreflex sensitivity, 
but did not improve myocardial function, suggesting that the effects 
are not mediated through improvement in cardiac function but merely 
through other associated mechanisms not entirely known.102

Figure 4: Mean changes in total testosterone, free testosterone, LH and SHBG by % weight change as a single categorical variable (loss of >15%, 10%–15% 
and 5%–10%, within 5%, gain of 5%–10%, 10%–15% and >15%) in the EMAS population upon an average of 4.4 year follow-up. This figure is modified 
from Camacho et al.67 with permission. European male ageing study; LH: luteinizing hormone; SHBG: sex hormone binding globulin.
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Some small, randomized, placebo‑controlled studies have reported 
an improvement in cognition in men with LOH undergoing T 
treatment,103 but this has not been supported in all studies.104,105 Effects 
on quality of life and depression have also been reported, although 
these are inconsistent.16

In conclusion, the current information about benefits and risks of 
T replacement therapy still suffer from consisting mainly of studies that 
are insufficiently powered, poorly controlled and of short duration. An 
attempt to improve the situation is made by the Testosterone Trial in 
Older Men (ClinicalTrials.gov identifier NCT00799617), which aims 
to recruit 800 men, aged ≥65  years and having total T <10.4 nmol l−1, 
from 12 sites in the United States. Their aim is to test the hypothesis 
that T treatment for one year compared to placebo will improve walking 
speed, sexual activity, vitality and verbal memory and correct anemia. 
The study is anticipated to be completed by the middle of 2015, and its 
results may provide for the first time solid evidence‑based information 
about the real effects of T replacement therapy in LOH.

Potential adverse effects of treatment
Erythrocytosis (hematocrit >50%) is the most important and frequent 
risk of T treatment. Two recent meta‑analysis have shown significant 
effects of T treatments over placebo on its appearance.106,107 The risk is 
higher in older men as the dose‑dependent, stimulatory response of their 
erythropoiesis to T is more pronounced than in young men.108 This effect 
is not related to increased levels of erythropoietin,108 but may be secondary 
to suppression of the master iron‑regulatory‑peptide, hepcidin.109

A potentially increased risk of clinical prostate cancer also exists, as 
the prostate is an androgen‑responsive organ. A meta‑analysis by Calof 
et al.106 has shown that the total number of prostate events (including 
prostate biopsies, prostate cancers, serum PSA level >4 ng ml−1, and 
increase in IPSS score) was significantly greater in T‑treated men than 
in those who had received a placebo (odds ratio 1.90, (95% CI 1.11, 
3.24; P < 0.05)). However, no difference was observed in the rates of any 
of these events between the two groups. The man‑years of exposure in 
these trials were too small to allow reliable risk assessment. It has been 
estimated that randomization of approximately 6000 men aged 65–80 
years with low T levels to placebo or T treatment for 5 years would 
be required to detect a 30% difference in prostate cancer incidence 
rates between T‑treated and placebo‑treated men.110 It is unlikely 
that a study of this size will be funded, so it will remain uncertain 
whether long‑term T replacement affects the incidence of clinically 
overt prostate cancer.

With respect to cardiovascular events, Calof et al.106 showed that 
the rate of atrial fibrillation, myocardial infarction, coronary artery 
bypass or graft, vascular events and cerebrovascular accidents was 
not significantly different between the T and placebo‑treated men. 
However, once again the short duration and the low number of subjects 
enrolled in most studies limits the final conclusions.

According to recent recommendations, men with untreated 
congestive heart failure should not be treated with T. Recently, a 
selected population of 106 elderly men (mean age 74  years) with low 
total T (between 3.5 and 12.1  nmol l−1) or free T (<173 pmol l−1), with 
limitations in mobility and a high prevalence of hypertension, obesity, 
diabetes, preexisting heart disease and hyperlipemia, was treated for 
6  months with 1% T gel at daily doses ranging from 5 g to 15  g.81 The 
treatment induced increased rate of adverse cardiovascular events in 
comparison to 103 placebo‑treated men (23 vs 5 events, P < 0.001), and 
the trial was consequently terminated. Even if the cardiovascular events 
were not planned as primary or secondary outcome and the health 
conditions of the recruited men were rather poor in comparison to other 

trials, these findings suggest caution in T replacement of aged men with 
poor health, low mobility and multiple risk factors for cardiovascular 
events. Admittedly, pharmacological doses of T were used in this study, 
and we do not know whether the findings are applicable to a situation 
where low T levels are returned to the physiological range.

The effects of T on lipids in comparison to placebo have also been 
examined in a meta‑analysis,111 which showed that T decreased total 
cholesterol in men with lower T levels, and that it could reduce high 
density lipoprotein (HDL)‑cholesterol, but only in men who had high 
baseline T levels. Another meta‑analysis has reported a slight decrease 
in HDL‑cholesterol (of 0.012  mmol l−1) in T‑treated men.107

Other potential, though infrequent, adverse effects of T include 
gynecomastia (although this condition occurs naturally in >50% of 
men older than 50  years)112 and sleep apnea. The evidence that T 
replacement can cause sleep apnea is rather weak.

Finally, we do not know whether decreased T levels in ageing men, 
and especially in those with comorbidities, is a protective mechanism 
with beneficial effects of the homeostasis of the ageing organ systems with 
reduced functional capacity. This is a caveat that has to be kept in mind 
when considering the benefits and risks of T replacement therapy of LOH.

Duration and monitoring of T treatment
Improvement of symptoms should be assessed after a few months of T 
treatment. If no benefit is reported by the patient, treatment should be 
terminated and other causes of symptoms should be investigated.7 If the 
treatment is effective, the patients should be monitored with regular 
checking of their hematocrit, hemoglobin and PSA levels and by doing 
digital rectal examination every 3–6  months.7,16 The possibility of a 
spontaneous remission of LOH should also be considered,62 and the 
treatment discontinued to permit assessment of the patient’s symptoms 
and T level after an adequate time interval. It should also be kept in 
mind that the initial benefits of T could be a placebo effect, although 
such improvements are short‑lived.13 T therapy in men with classic 
forms of hypogonadism is usually life‑long, meaning that long‑term 
safety and follow‑up studies of up to 10 years’ duration have been 
reported;113,114 whereas, the optimal duration of treatment for LOH 
men is currently uncertain, and controlled, long‑term studies are 
needed to clarify this issue.

CONCLUSIONS
Using strict criteria, the prevalence of genuine LOH in the general 
population is much lower than previously reported  (and generally 
assumed), as it occurs only in about 2% of 40‑ to 80‑year‑old men. 
However, it is likely to be much higher in the selected group of men 
who seek medical help for their LOH symptoms. When diagnosing 
LOH and choosing the most appropriate treatment, it is important to 
consider the general situation of the patient. Overweight or chronic 
illness might explain his symptoms and low T. In this situation, it would 
seem most logical to begin treatment with lifestyle modification and 
weight reduction, and to optimize the treatment of comorbidities, 
before T supplementation, which is expensive and of uncertain benefit.

If the clinician decides, after excluding contraindications, to initiate 
T treatment, the patient must be informed about the experimental 
nature of T therapy, as no evidence‑based information is available 
regarding the long‑term risks and benefits, and there are no specific 
guidelines for its use. When assessing the results of T treatment, 
it must be kept in mind that even placebo treatment of LOH can 
achieve statistically significant effects. T should not be prescribed for 
the treatment of symptoms that are not specific to LOH, and that can 
be caused by other conditions – such as obesity, metabolic syndrome, 
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depression, diabetes or other chronic diseases – even though low T is 
associated with these conditions. The information is unanimous that 
men with normal serum T do not benefit from T treatment.

In conclusion, if strict diagnostic criteria are used, genuine 
male LOH is a relatively infrequent condition; whereas, low level 
of T is common in elderly men with overweight and/or associated 
comorbidities. T  replacement should be considered only for men 
with clear LOH diagnosis, but the beneficial effects of this treatment, 
as well as its potential risks are currently unknown. Only larger 
multicenter, long‑term clinical trials will settle the current controversies 
surrounding the diagnosis and treatment of LOH.

COMPETING INTERESTS
Nothing to disclose.

REFERENCES
1 Wu FC, Tajar A, Pye SR, Silman AJ, Finn JD, et al. European male aging study Group. 

Hypothalamic-pituitary-testicular axis disruptions in older men are differentially 
linked to age and modifiable risk factors: the European Male Aging Study. J Clin 
Endocrinol Metab 2008; 93: 2737–45.

2 Feldman HA, Longcope C, Derby CA, Johannes CB, Araujo AB, et al. Age trends in 
the level of serum testosterone and other hormones in middle-aged men: longitudinal 
results from the Massachusetts male aging study. J Clin Endocrinol Metab 2002; 
87: 589–98.

3 Harman SM, Metter EJ, Tobin JD, Pearson J, Blackman MR. Baltimore Longitudinal 
Study of Aging. Longitudinal effects of aging on serum total and free testosterone 
levels in healthy men. Baltimore Longitudinal Study of Aging. J Clin Endocrinol 
Metab 2001; 86: 724–31.

4 Morley JE, Kaiser FE, Perry HM 3rd, Patrick P, Morley PM, et al. Longitudinal changes 
in testosterone, luteinizing hormone, and follicle-stimulating hormone in healthy 
older men. Metabolism 1997; 46: 410–3.

5 Tajar A, Huhtaniemi IT, O’Neill TW, Finn JD, Pye SR, et al. EMAS Group. 
Characteristics of androgen deficiency in late-onset hypogonadism: results from the 
European Male Aging Study (EMAS). J Clin Endocrinol Metab 2012; 97: 1508–16.

6 Wu FC, Tajar A, Beynon JM, Pye SR, Silman AJ, et al. EMAS Group. Identification 
of late-onset hypogonadism in middle-aged and elderly men. N Engl J Med 2010;  
363: 123–35.

7 Wang C, Nieschlag E, Swerdloff R, Behre HM, Hellstrom WJ, et al. Investigation, 
treatment and monitoring of late–onset hypogonadism in males. Int J Androl 2009; 
32: 1–10.

8 Sun K, Liang GQ, Chen XF, Ping P, Yao WL, et al. Survey for late-onset hypogonadism 
among old and middle-aged males in Shanghai communities. Asian J Androl 2012; 
14: 338–40.

9 Ko YH, Kim JJ. Testosterone replacement therapy for late-onset hypogonadism: 
current trends in Korea. Asian J Androl 2011; 13: 563–8.

10 Tsujimura A, Nonomura N. Recent topics related to testosterone deficiency syndrome 
in Japan. Asian J Androl 2011; 13: 558–62.

11 Taher A. Proportion and acceptance of andropause symptoms among elderly men: 
a Study in Jakarta. Acta Med Indones 2005; 37: 82–6.

12 Handelsman DJ. Pharmacoepidemiology of testosterone prescribing in Australia, 
1992-2010. Med J Aust 2012; 196: 642–5.

13 Legros JJ, Meuleman EJ, Elbers JM, Geurts TB, Kaspers MJ, et al. Oral testosterone 
replacement in symptomatic late-onset hypogonadism: effects on rating scales and 
general safety in a randomized, placebo-controlled study. Eur J Endocrinol 2009; 
160: 821–31.

14 Carruthers M. Time for international action on treating testosterone deficiency 
syndrome. Aging Male 2009; 12: 21–8.

15 Saad F. The role of testosterone in type 2 diabetes and metabolic syndrome in men. 
Arq Bras Endocrinol Metabol 2009; 53: 901–7.

16 Bhasin S, Cunningham GR, Hayes FJ, Matsumoto AM, Snyder PJ, et al. Testosterone 
therapy in men with androgen deficiency syndromes: an Endocrine Society clinical 
practice guideline. J Clin Endocrinol Metab 2010; 95: 2536–59.

17 Wylie K, Rees M, Hackett G, Anderson R, Bouloux PM, et al. Androgens, health and 
sexuality in women and men. Hum Fertil (Camb) 2010; 13: 277–97.

18 Perheentupa A, Huhtaniemi I. Aging of the human ovary and testis. Mol Cell 
Endocrinol 2009; 299: 2–13.

19 Lamberts SW, van den Beld AW, van der Lely AJ. The endocrinology of aging. 
Science 1997; 278: 419–24.

20 Well D, Yang H, Houseni M, Iruvuri S, Alzeair S, et al. Age-related structural and 
metabolic changes in the pelvic reproductive end organs. Semin Nucl Med 2007; 
37: 173-84.

21 Kidd SA, Eskenazi B, Wyrobek AJ. Effects of male age on semen quality and fertility: 
a review of the literature. Fertil Steril 2001; 75: 237–48.

22 Hassan MA, Killick SR. Effect of male age on fertility: evidence for the decline in 
male fertility with increasing age. Fertil Steril 2003; 79 Suppl 3: 1520–7.

23 Neaves WB, Johnson L, Porter JC, Parker CR Jr, Petty CS. Leydig cell numbers, daily 
sperm production, and serum gonadotropin levels in aging men. J Clin Endocrinol 
Metab 1984; 59: 756–63.

24 Johnson L, Zane RS, Petty CS, Neaves WB. Quantification of the human Sertoli cell 
population: its distribution, relation to germ cell numbers, and age-related decline. 
Biol Reprod 1984; 31: 785–95.

25 Travison TG, Araujo AB, Kupelian V, O’Donnell AB, McKinlay JB. The relative 
contributions of aging, health, and lifestyle factors to serum testosterone decline 
in men. J Clin Endocrinol Metab 2007; 92: 549–55.

26 Kaufman JM, Vermeulen A. The decline of androgen levels in elderly men and its 
clinical and therapeutic implications. Endocr Rev 2005; 26: 833–76.

27 Belchetz PE, Barth JH, Kaufman JM. Biochemical endocrinology of the hypogonadal 
male. Ann Clin Biochem 2010; 47: 503–15.

28 Landry D, Cloutier F, Martin LJ. Implications of leptin in neuroendocrine regulation 
of male reproduction. Reprod Biol 2013; 13: 1–14.

29 Mah PM, Wittert GA. Obesity and testicular function. Mol Cell Endocrinol 2010;  
316: 180–6.

30 Hill JW, Elmquist JK, Elias CF. Hypothalamic pathways linking energy balance and 
reproduction. Am J Physiol Endocrinol Metab 2008; 294: E827–32.

31 Wang C, Catlin DH, Demers LM, Starcevic B, Swerdloff RS. Measurement of total serum 
testosterone in adult men: comparison of current laboratory methods versus liquid 
chromatography-tandem mass spectrometry. J Clin Endocrinol Metab 2004; 89: 534–43.

32 Moal V, Mathieu E, Reynier P, Malthiery Y, Gallois Y. Low serum testosterone 
assayed by liquid chromatography-tandem mass spectrometry. Comparison with five 
immunoassay techniques. Clin Chim Acta 2007; 386: 12–9.

33 Rosner W, Vesper H. Endocrine Society, American Association for Clinical Chemistry, 
American Association of Clinical Endocrinologists, Androgen Excess/PCOS Society, 
American Society for Bone and Mineral Research, American Society for Reproductive 
Medicine, et al. Toward excellence in testosterone testing: a consensus statement. 
J Clin Endocrinol Metab 2010; 95: 4542–8.

34 Vesper HW, Botelho JC. Standardization of testosterone measurements in humans. 
J Steroid Biochem Mol Biol 2010; 121: 513–9.

35 Taieb J, Mathian B, Millot F, Patricot MC, Mathieu E, et al. Testosterone measured 
by 10 immunoassays and by isotope-dilution gas chromatography-mass spectrometry 
in sera from 116 men, women, and children. Clin Chem 2003; 49: 1381–95.

36 Sikaris K, McLachlan RI, Kazlauskas R, de Kretser D, Holden CA, et al. Reproductive 
hormone reference intervals for healthy fertile young men: evaluation of automated 
platform assays. J Clin Endocrinol Metab 2005; 90: 5928–36.

37 Blair IA. Analysis of estrogens in serum and plasma from postmenopausal women: 
past present, and future. Steroids 2010; 75: 297–306.

38 Wartofsky L, Handelsman DJ. Standardization of hormonal assays for the 21st century. 
J Clin Endocrinol Metab 2010; 95: 5141–3.

39 Bhasin S, Zhang A, Coviello A, Jasuja R, Ulloor J, et al. The impact of assay quality 
and reference ranges on clinical decision making in the diagnosis of androgen 
disorders. Steroids 2008; 73: 1311–7.

40 Vesper HW, Bhasin S, Wang C, Tai SS, Dodge LA, et al. Interlaboratory comparison 
study of serum total testosterone [corrected] measurements performed by mass 
spectrometry methods. Steroids 2009; 74: 498–503.

41 Legro RS, Schlaff WD, Diamond MP, Coutifaris C, Casson PR, et al. Reproductive 
Medicine Network. Total testosterone assays in women with polycystic ovary syndrome: 
precision and correlation with hirsutism. J Clin Endocrinol Metab 2010; 95: 5305–13.

42 Lee DM, O’Neill TW, Pye SR, Silman AJ, Finn JD, et al. EMAS study group. The 
European Male Ageing Study (EMAS): design, methods and recruitment. Int J 
Androl 2009; 32: 11–24.

43 Huhtaniemi IT, Tajar A, Lee DM, O’Neill TW, Finn JD, et al. EMAS study group. 
Comparison of serum testosterone and estradiol measurements in 3174 European 
men using platform immunoassay and mass spectrometry; relevance for the 
diagnostics in aging men. Eur J Endocrinol 2012; 166: 983–91.

44 Bhasin S, Pencina M, Jasuja GK, Travison TG, Coviello A, et al. Reference ranges 
for testosterone in men generated using liquid chromatography tandem mass 
spectrometry in a community-based sample of healthy nonobese young men in the 
Framingham Heart Study and applied to three geographically distinct cohorts. J Clin 
Endocrinol Metab 2011; 96: 2430–9.

45 Yeap BB, Alfonso H, Chubb SA, Handelsman DJ, Hankey GJ, et al. Reference ranges 
and determinants of testosterone, dihydrotestosterone, and estradiol levels measured 
using liquid chromatography-tandem mass spectrometry in a population-based cohort 
of older men. J Clin Endocrinol Metab 2012; 97: 4030–9.

46 Brambilla DJ, O’Donnell AB, Matsumoto AM, McKinlay JB. Intraindividual variation 
in levels of serum testosterone and other reproductive and adrenal hormones in men. 
Clin Endocrinol (Oxf) 2007; 67: 853–62.

47 Swerdloff RS, Wang C. Free testosterone measurement by the analog displacement 
direct assay: old concerns and new evidence. Clin Chem 2008; 54: 458–60.

48 Vermeulen A, Verdonck L, Kaufman JM. A critical evaluation of simple methods 
for the estimation of free testosterone in serum. J Clin Endocrinol Metab 1999; 
84: 3666–72.



Asian Journal of Andrology 

Late‑onset hypogonadism 
I Huhtaniemi

201

49 Ly LP, Sartorius G, Hull L, Leung A, Swerdloff RS, et al. Accuracy of calculated free 
testosterone formulae in men. Clin Endocrinol (Oxf) 2010; 73: 382–8.

50 Huhtaniemi IT, Pye SR, Limer KL, Thomson W, O’Neill TW, et al. European Male 
Ageing Study Group. Increased estrogen rather than decreased androgen action 
is associated with longer androgen receptor CAG repeats. J Clin Endocrinol Metab 
2009; 94: 277–84.

51 Huhtaniemi IT, Pye SR, Holliday KL, Thomson W, O’Neill TW, et al. European 
Male Aging Study Group. Effect of polymorphisms in selected genes involved in 
pituitary-testicular function on reproductive hormones and phenotype in aging men. 
J Clin Endocrinol Metab 2010; 95: 1898–908.

52 Bhasin S, Woodhouse L, Casaburi R, Singh AB, Bhasin D, et al. Testosterone 
dose-response relationships in healthy young men. Am J Physiol Endocrinol Metab 
2001; 281: E1172–81.

53 Zitzmann M, Faber S, Nieschlag E. Association of specific symptoms and metabolic 
risks with serum testosterone in older men. J Clin Endocrinol Metab 2006; 91: 
4335–43.

54 Tajar A, Forti G, O’Neill TW, Lee DM, Silman AJ, et al. EMAS Group. Characteristics 
of secondary, primary, and compensated hypogonadism in aging men: evidence from 
the European Male Ageing Study. J Clin Endocrinol Metab 2010; 95: 1810–8.

55 Heinemann LA, Saad F, Heinemann K, Thai DM. Can results of the Aging Males’ 
Symptoms (AMS) scale predict those of screening scales for androgen deficiency? 
Aging Male 2004; 7: 211–8.

56 Morley JE, Charlton E, Patrick P, Kaiser FE, Cadeau P, et al. Validation of a 
screening questionnaire for androgen deficiency in aging males. Metabolism 2000; 
49: 1239–42.

57 Smith KW, Feldman HA, McKinlay JB. Construction and field validation of a 
self-administered screener for testosterone deficiency (hypogonadism) in ageing 
men. Clin Endocrinol (Oxf) 2000; 53: 703–11.

58 Chueh KS, Huang SP, Lee YC, Wang CJ, Yeh HC, et al. The comparison of the aging male 
symptoms (AMS) scale and androgen deficiency in the aging male (ADAM) questionnaire 
to detect androgen deficiency in middle-aged men. J Androl 2012; 33: 817–23.

59 Corona G, Rastrelli G, Vignozzi L, Mannucci E, Maggi M. How to recognize late-onset 
hypogonadism in men with sexual dysfunction. Asian J Androl 2012; 14: 251–9.

60 O’Connor DB, Corona G, Forti G, Tajar A, Lee DM, et al. Assessment of sexual health 
in aging men in Europe: development and validation of the European Male Ageing 
Study sexual function questionnaire. J Sex Med 2008; 5: 1374–85.

61 Huhtaniemi I, Forti G. Male late-onset hypogonadism: pathogenesis, diagnosis and 
treatment. Nat Rev Urol 2011; 8: 335–44.

62 Travison TG, Shackelton R, Araujo AB, Hall SA, Williams RE, et al. The natural history 
of symptomatic androgen deficiency in men: onset, progression, and spontaneous 
remission. J Am Geriatr Soc 2008; 56: 831–9.

63 Araujo AB, Esche GR, Kupelian V, O’Donnell AB, Travison TG, et al. Prevalence 
of symptomatic androgen deficiency in men. J Clin Endocrinol Metab 2007; 92: 
4241–7.

64 Araujo AB, O’Donnell AB, Brambilla DJ, Simpson WB, Longcope C, et al. Prevalence 
and incidence of androgen deficiency in middle-aged and older men: estimates from 
the Massachusetts Male Aging Study. J Clin Endocrinol Metab 2004; 89: 5920–6.

65 Corona G, Rastrelli G, Maggi M. Diagnostic and treatment of late-onset hypoginadism. 
Systematic review and meta-analysis of TRT outcomes. Best Pact Expt Clin 
Endocrinol 2013; 27: 557–79.

66 Wang C, Nieschlag E, Swerdloff R, Behre HM, Hellstrom WJ, et al. ISA, ISSAM, 
EAU, EAA and ASA recommendations: investigation, treatment and monitoring of 
late-onset hypogonadism in males. Int J Impot Res 2009; 21: 1–8.

67 Camacho EM, Huhtaniemi IT, O’Neill TW, Finn JD, Pye SR, et al. EMAS Group. 
Age-associated changes in hypothalamic-pituitary-testicular function in middle-aged 
and older men are modified by weight change and lifestyle factors: longitudinal 
results from the European Male Ageing Study. Eur J Endocrinol 2013; 168: 445–55.

68 Zitzmann M, Nieschlag E. Androgen receptor gene CAG repeat length and body mass 
index modulate the safety of long-term intramuscular testosterone undecanoate 
therapy in hypogonadal men. J Clin Endocrinol Metab 2007; 92: 3844–53.

69 Cunningham GR, Toma SM. Why is androgen replacement in males controversial? 
J Clin Endocrinol Metab 2011; 96: 38–52.

70 Corona G, Maggi M. The role of testosterone in erectile dysfunction. Nat Rev Urol 
2010; 7: 46–56.

71 Mikhail N. Does testosterone have a role in erectile function? Am J Med 2006;  
119: 373–82.

72 Rhoden EL, Teloken C, Sogari PR, Souto CA. The relationship of serum testosterone 
to erectile function in normal aging men. J Urol 2002; 167: 1745–8.

73 Corona G, Mannucci E, Mansani R, Petrone L, Bartolini M, et al. Aging and 
pathogenesis of erectile dysfunction. Int J Impot Res 2004; 16: 395–402.

74 Isidori AM, Giannetta E, Gianfrilli D, Greco EA, Bonifacio V, et al. Effects 
of testosterone on sexual function in men: results of a meta-analysis. Clin 
Endocrinol (Oxf) 2005; 63: 381–94.

75 Bolona ER, Uraga MV, Haddad RM, Tracz MJ, Sideras K, et al. Testosterone use in 
men with sexual dysfunction: a systematic review and meta-analysis of randomized 
placebo-controlled trials. Mayo Clin Proc 2007; 82: 20–8.

76 Spitzer M, Basaria S, Travison TG, Davda MN, Paley A, et al. Effect of testosterone 

replacement on response to sildenafil citrate in men with erectile dysfunction: 
a parallel, randomized trial. Ann Intern Med 2012; 157: 681–91.

77 Srinivas-Shankar U, Roberts SA, Connolly MJ, O’Connell MD, Adams JE, et al. 
Effects of testosterone on muscle strength, physical function, body composition, and 
quality of life in intermediate-frail and frail elderly men: a randomized, double-blind, 
placebo-controlled study. J Clin Endocrinol Metab 2010; 95: 639–50.

78 Hildreth KL, Barry DW, Moreau KL, Vande Griend J, Meacham RB, et al. Effects 
of testosterone and progressive resistance exercise in healthy, highly functioning 
older men with low-normal testosterone levels. J Clin Endocrinol Metab 2013; 98: 
1891–900.

79 Snyder PJ, Peachey H, Hannoush P, Berlin JA, Loh L, et al. Effect of testosterone 
treatment on bone mineral density in men over 65 years of age. J Clin Endocrinol 
Metab 1999; 84: 1966–72.

80 Page ST, Amory JK, Bowman FD, Anawalt BD, Matsumoto AM, et al. Exogenous 
testosterone (T) alone or with finasteride increases physical performance, grip 
strength, and lean body mass in older men with low serum T. J Clin Endocrinol 
Metab 2005; 90: 1502–10.

81 Basaria S, Coviello AD, Travison TG, Storer TW, Farwell WR, et al. Adverse events 
associated with testosterone administration. N Engl J Med 2010; 363: 109–22.

82 Bhasin S. Testosterone supplementation for aging-associated sarcopenia. J Gerontol 
A Biol Sci Med Sci 2003; 58: 1002–8.

83 Szulc P, Claustrat B, Marchand F, Delmas PD. Increased risk of falls and increased 
bone resorption in elderly men with partial androgen deficiency: the MINOS study. 
J Clin Endocrinol Metab 2003; 88: 5240–7.

84 Schaap LA, Pluijm SM, Smit JH, van Schoor NM, Visser M, et al. The association 
of sex hormone levels with poor mobility, low muscle strength and incidence of falls 
among older men and women. Clin Endocrinol (Oxf) 2005; 63: 152–60.

85 O’Connell MD, Roberts SA, Srinivas-Shankar U, Tajar A, Connolly MJ, et al. Do the 
effects of testosterone on muscle strength, physical function, body composition, 
and quality of life persist six months after treatment in intermediate-frail and frail 
elderly men? J Clin Endocrinol Metab 2010.

86 Giannoulis MG, Martin FC, Nair KS, Umpleby AM, Sonksen P. Hormone replacement 
therapy and physical function in healthy older men. Time to talk hormones? Endocr 
Rev 2012; 33: 314–77.

87 Storer TW, Woodhouse L, Magliano L, Singh AB, Dzekov C, et al. Changes in 
muscle mass, muscle strength, and power but not physical function are related 
to testosterone dose in healthy older men. J Am Geriatr Soc 2008; 56: 1991–9.

88 Amory JK, Watts NB, Easley KA, Sutton PR, Anawalt BD, et al. Exogenous 
testosterone or testosterone with finasteride increases bone mineral density in older 
men with low serum testosterone. J Clin Endocrinol Metab 2004; 89: 503–10.

89 Kenny AM, Prestwood KM, Gruman CA, Marcello KM, Raisz LG. Effects of 
transdermal testosterone on bone and muscle in older men with low bioavailable 
testosterone levels. J Gerontol A Biol Sci Med Sci 2001; 56: M266–72.

90 Tracz MJ, Sideras K, Bolona ER, Haddad RM, Kennedy CC, et al. Testosterone 
use in men and its effects on bone health. A systematic review and meta-analysis 
of randomized placebo-controlled trials. J Clin Endocrinol Metab 2006; 91: 
2011–6.

91 Corona G, Monami M, Rastrelli G, Aversa A, Sforza A, et al. Type 2 diabetes mellitus 
and testosterone: a meta-analysis study. Int J Androl 2010.

92 Corona G, Monami M, Rastrelli G, Aversa A, Tishova Y, et al. Testosterone and 
metabolic syndrome: a meta-analysis study. J Sex Med 2011; 8: 272–83.

93 Grossmann M. Low testosterone in men with type 2 diabetes: significance and 
treatment. J Clin Endocrinol Metab 2011; 96: 2341–53.

94 Angell P, Chester N, Green D, Somauroo J, Whyte G, et al. Anabolic steroids and 
cardiovascular risk. Sports Med 2012; 42: 119–34.

95 Morris PD, Channer KS. Testosterone and cardiovascular disease in men. Asian J 
Androl 2012; 14: 428–35.

96 Webb CM, McNeill JG, Hayward CS, de Zeigler D, Collins P. Effects of testosterone 
on coronary vasomotor regulation in men with coronary heart disease. Circulation 
1999; 100: 1690–6.

97 English KM, Steeds RP, Jones TH, Diver MJ, Channer KS. Low-dose transdermal 
testosterone therapy improves angina threshold in men with chronic stable angina: 
a randomized, double-blind, placebo-controlled study. Circulation 2000; 102: 
1906–11.

98 Keating NL, O’Malley AJ, Freedland SJ, Smith MR. Diabetes and cardiovascular 
disease during androgen deprivation therapy: observational study of veterans with 
prostate cancer. J Natl Cancer Inst 2010; 102: 39–46.

99 Ruige JB, Mahmoud AM, De Bacquer D, Kaufman JM. Endogenous testosterone 
and cardiovascular disease in healthy men: a meta-analysis. Heart 2011; 97: 
870–5.

100 Malkin CJ, Jones TH, Channer KS. Testosterone in chronic heart failure. Front Horm 
Res 2009; 37: 183–96.

101 Malkin CJ, Pugh PJ, West JN, van Beek EJ, Jones TH, et al. Testosterone therapy 
in men with moderate severity heart failure: a double-blind randomized placebo 
controlled trial. Eur Heart J 2006; 27: 57–64.

102 Caminiti G, Volterrani M, Iellamo F, Marazzi G, Massaro R, et al. Effect of long-acting 
testosterone treatment on functional exercise capacity, skeletal muscle performance, 



Asian Journal of Andrology 

Late‑onset hypogonadism 
I Huhtaniemi

202

insulin resistance, and baroreflex sensitivity in elderly patients with chronic heart 
failure a double-blind, placebo-controlled, randomized study. J Am Coll Cardiol 2009; 
54: 919–27.

103 Kenny AM, Bellantonio S, Gruman CA, Acosta RD, Prestwood KM. Effects of 
transdermal testosterone on cognitive function and health perception in older men 
with low bioavailable testosterone levels. J Gerontol A Biol Sci Med Sci 2002; 57: 
M321–5.

104 Lu PH, Masterman DA, Mulnard R, Cotman C, Miller B, et al. Effects of testosterone 
on cognition and mood in male patients with mild Alzheimer disease and healthy 
elderly men. Arch Neurol 2006; 63: 177–85.

105 Holland J, Bandelow S, Hogervorst E. Testosterone levels and cognition in elderly 
men: a review. Maturitas 2011; 69: 322–37.

106 Calof OM, Singh AB, Lee ML, Kenny AM, Urban RJ, et al. Adverse events associated 
with testosterone replacement in middle-aged and older men: a meta-analysis of 
randomized, placebo-controlled trials. J Gerontol A Biol Sci Med Sci 2005; 60: 
1451–7.

107 Fernandez-Balsells MM, Murad MH, Lane M, Lampropulos JF, Albuquerque F, et al. 
Clinical review 1: adverse effects of testosterone therapy in adult men: a systematic 
review and meta-analysis. J Clin Endocrinol Metab 2010; 95: 2560–75.

108 Coviello AD, Kaplan B, Lakshman KM, Chen T, Singh AB, et al. Effects of graded 
doses of testosterone on erythropoiesis in healthy young and older men. J Clin 
Endocrinol Metab 2008; 93: 914–9.

109 Bachman E, Feng R, Travison T, Li M, Olbina G, et al. Testosterone suppresses 

hepcidin in men: a potential mechanism for testosterone-induced erythrocytosis. 
J Clin Endocrinol Metab 2010; 95: 4743–7.

110 Bhasin S, Singh AB, Mac RP, Carter B, Lee MI, et al. Managing the risks of prostate 
disease during testosterone replacement therapy in older men: recommendations 
for a standardized monitoring plan. J Androl 2003; 24: 299–311.

111 Isidori AM, Giannetta E, Greco EA, Gianfrilli D, Bonifacio V, et al. Effects of 
testosterone on body composition, bone metabolism and serum lipid profile in 
middle-aged men: a meta-analysis. Clin Endocrinol (Oxf) 2005; 63: 280–93.

112 Niewoehner CB, Schorer AE. Gynaecomastia and breast cancer in men. BMJ 2008;  
336: 709–13.

113 Behre HM, von Eckardstein S, Kliesch S, Nieschlag E. Long-term substitution 
therapy of hypogonadal men with transscrotal testosterone over 7-10 years. Clin 
Endocrinol (Oxf) 1999; 50: 629–35.

114 Gooren LJ. A ten-year safety study of the oral androgen testosterone undecanoate. 
J Androl 1994; 15: 212–5.

How to cite this article: Huhtaniemi I. Late-onset hypogonadism: 
Current concepts and controversies of pathogenesis, diagnosis 
and treatment. Asian J Androl 20 January 2014. doi: 10.4103/1008-
682X.122336. [Epub ahead of print]


